Abstract. In this article, the RObject concept is first introduced. This is followed by a survey of applicable energy scavenging technologies. Energy is a key issue for the large scale deployment of robotics in daily life, as recharging the batteries places a considerable burden on the end-user and is a waste of energy which has an overall negative impact on the limited resources of our planet. We show how the energy obtained from light, water flow, and human work, could be promising sources of energy for powering low-duty devices. To assess the feasibility of powering future RObjects with technologies, tests were conducted on commonly available robotic vacuum cleaners. These tests established an upper-bound on the power requirements for RObjects. Finally, based on these results, the feasibility of powering RObjects using scavenged energy is discussed.
Introduction
Struck by the absence of the so-often promised robotic technology in our daily life, the project "Robots for daily life" funded by the "NCCR Robotics" 1 has undertaken a new approach. Instead of creating new robots capable of stateof-the-art Human Robot Interactions -such as speech or face recognition -the RObject concept aims at embedding useful robotic technologies within everydaylife objects. This process relies on the "everyday object" feeling and build upon existing, natural interactions. In addition, this has the advantage of easing the overall conception, referred by Pfeifer as "cheap design" [23] . We foresee RObjects to enhance the long-term interactions between robotic devices and users [12] . The RObject concept has been successfully demonstrated by the creation of robotic glasses [32] . These glasses are able to move by themselves, for example, to be refilled when they are empty. The user still keeps the control on them, using natural interactions, such as lifting the glass. Possible RObjects include, but are not limited to, tableware, furniture, storage spaces, lightening systems, decorative plants, or even room dividers.
If RObjects prove to be successful, they will spread inside our houses. This article addresses the energetic sustainability of such an approach. In term of autonomy and recharge, RObjects face the same energetic challenges as mobile robots. In addition, they introduce the constraint of their large quantity and diffusion inside the house. This aspect, if not properly addressed, can transform this dream into a nightmare.
In Sec. 2, we will present the available scavenging technologies. Section 3 will discuss further the dream of self-powered objects, by assessing an upper-bound on the power requirements using common robotic vacuum cleaners as a model. Finally, Sec. 4 will discuss the promising opportunities and the challenges which remain in designing useful, energy-wise, RObjects.
Energy Scavenging Technologies
Wasted energy is environmentally ubiquitous and represents a potentially cheap source of power. We will present a short survey of available power technologies, with an emphasis on renewable energies in indoor environments. Comprehensive books and state-of-the-art already exist [2, 26, 29, 34 ], but usually focus on energies that are unavailable to us. Scavenging the energy required to move a robot has often been considered in previous works, but at present, only a few people have managed to power an autonomous mobile robot using an energy scavenger. This is due to the small power density available. This issue is theoretically addressed for the case of outdoor unmanned vehicles [39] , and concludes with the possibility of using solar and kinetic flow energies to power devices in the range of 1 ∼ 10 W. Solar power is commonly used in outer space exploration robots [6] . The EcoBot-II is quite original, in the sense that it embeds a microbial fuel cell converting unrefined insect biomass into electricity [19] . This is however just enough energy to allow it to travel a few centimeters.
Most of the envisioned RObjects will have to move around, implying higher energetic needs. But wheels are not always mandatory. By exploiting the interactions already in-place between the humans and those specific objects, the humans can be used as a transportation vector, thus lowering the requirements, by use of the parasitic mobility concept [16] . For example, the above-cited robotic glasses are used like normal glasses most of the time, except for when they need to be refilled. Thus, we could expect a fairly low duty-cycle operation. Another complementary option, as discussed in the Sec. 4, is to focus on RObjects favoring locations where the power can be easily scavenged.
Heat
Heat is a universal source of energy around us, part of the wasted power generated by thermal engines and exhausts, by poorly insulated buildings and even by
